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METHODS AND APPARATUS FOR
ASSEMBLING TURBINE ENGINES

BACKGROUND OF THE INVENTION

This mvention relates generally to turbine engines and,
more specifically, to nozzle assemblies used with turbine

engines.

At least some known turbine engines include a variable
exhaust nozzle system, such as 1s typical of supersonic mili-
tary aircrait. The variable exhaust nozzle system enables the
geometry of the exhaust system to selectively change. More
specifically, variable geometry systems are configured to
operate over a wide range of pressure ratios by adjusting a
nozzle throat based on the demands of the engine cycle, and
adjusting a nozzle area ratio to facilitate achieving a desired
engine performance at various operating points.

At least one known engine includes a fixed exhaust nozzle
system that facilitates enhanced engine performance through
adjustments to a plurality of flow path liners spaced circum-
terentially about the exhaust nozzle such that the liners par-
tially define such assemblies, the flow path liners are coupled
via a plurality of connections to a structural member within
the engine or fuselage, such as a duct. Because of the thermal
expansion, flow path liners are generally loosely supported
and may be difficult to adjust. To facilitate reducing discon-
tinuities between liner sections and to facilitate maintaining a
desired flow path contour, at least some exhaust nozzles
include the use of a plurality of shims.

At least some known shims include peelable layers having
an adhesive applied to an outer surface thereot for positioning
within the nozzle assembly. The peelable layers are removed
to adjust the thickness of the shim. This shim 1s positioned
within the nozzle assembly for adjusting the liner geometry.
Additionally, at least some known shims are loose stackable
washers that are positioned within the nozzle assembly for
adjusting the flow path contour. However, coupling mecha-
nisms used with such shims may become ineffective during,
engine operation because of exposure to high temperatures,
or because of being subjected to side loading or motion. As
such, the shims may fall to the lowest level of the nozzle
assembly during assembly or disassembly. Accordingly,
adjustments to the nozzle assembly may be a time consuming
task. Adjustable height bushings facilitate alleviating fit-up
1ssues with known bushings. Some known adjustable height
bushings require a large envelope to incorporate them into the
nozzle assembly. Additionally, such bushings add significant
cost and weight to the exhaust system. If the fittings are not 1n
the necessary locations when assembly of the supporting
structure 1s attempted, retrofit of the adjustable height fea-
tures 1s unlikely to be feasible.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method of assembling a component for use
in a turbine engine 1s provided. The method includes provid-
ing a bushing including at least one retaining mechanism
formed 1ntegrally therewith, coupling a shim to the bushing
such that at least one retainer extending from the shim 1s
received within the bushing retaining mechamism, and cou-
pling the bushing and shim within the turbine engine to facili-
tate aligning a first engine component relative to a second
engine component.

In a further aspect, a shim assembly 1s provided. The shim
assembly includes a bushing including a retaining mecha-
nism, and a shim including at least one retainer and a body, the
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at least one retainer being configured to be received within a
portion of the retaining mechanism when the shim 1s coupled
to the bushing.

In a further aspect, an exhaust nozzle assembly 1s provided.
The exhaust nozzle assembly includes an exhaust nozzle, at
least one tlow path liner configured to couple to a radially
inward wall of the exhaust nozzle, a bushing including a
retaining mechanism configured to be positioned adjacent at
least one flow path liner, and a shim including at least one
retainer and a body, the at least one retainer being configured
to be recerved within a portion of the retaining mechanism
when the shim 1s coupled to the bushing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of an exemplary gas
turbine engine;

FIG. 2 1s a perspective view of a shim and bushing coupled
to a portion of a turbine engine shown 1n FIG. 1;

FIG. 3 1s a side view of the exemplary shim coupled to a
bushing, both of which may be used with the engine shown in

FIG. 1;
FIG. 4 1s a top view of the shim shown 1n FIG. 3; and

FIG. § 1s a cross-sectional view of the exemplary shim and
bushing shown in FIGS. 3 and 4.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the figures, FI1G. 1 1s a schematic illustration of
a turbine engine 10 that imncludes, 1 an exemplary embodi-
ment, a fan assembly 12, a high pressure compressor 14, and
a combustor 16. Engine 10 also includes a high pressure
turbine 18, and a low pressure turbine 20. Engine 10 has an
intake side 28 and an exhaust side 30. Exhaust side 30
includes an exhaust nozzle 36 and at least one tlow path liner
38 adjacent a radially inward wall of exhaustnozzle 36. In one
embodiment, engine 10 1s a F110 available from General
Electric Company, Cincinnati, Ohio. Fan assembly 12 and
low pressure turbine 20 are coupled by a first rotor shatt 31,
and compressor 14 and high pressure turbine 18 are coupled
by a second rotor shaft 32.

During operation, air flows axially through fan assembly
12, 1n a direction that 1s substantially parallel to a central axis
34 extending through engine 10, and compressed air 1s sup-
plied to high pressure compressor 14. The highly compressed
air 1s delivered to combustor 16. Combustion gas flow from
combustor 16 drives turbines 18 and 20. Turbine 18 rotates
compressor 14 via shait 32 and turbine 20 drives fan assembly

12 via shatt 31.

In the exemplary embodiment, exhaust nozzle 36 includes
a non-circular exhaust system (not shown). Alternatively,
exhaust nozzle 36 includes an axi-symmetric or substantially
circular exhaust system (not shown). More specifically, in the
exemplary embodiment, a circumierential series of flow path
liners 38 partially define a convergent flowpath (not shown)
that establishes a desired nozzle throat A8 (not shown) for
nozzle 36. Flow path liners 38 are coupled using a plurality of
couplings such that a series of tlow path liners 38 extend
circumierentially about engine nozzle 36. Moreover, a plu-
rality of couplings are also used to couple tlow path liners 38
to a structural member within engine 10 such as a duct (not
shown).

FIG. 2 1s a perspective view of a shim 100 and a bushing
102 coupled to aportion of a turbine engine 10. FIG. 3 1s aside
view of shim 100 coupled to bushing 102 that may be used
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with engine 10 (shown in FIG. 1). FIG. 4 1s a top view of shim
100. FIG. 5 1s a cross-sectional view of shim 100 and bushing
102.

Generally, at least one bushing 102 1s used with each cou-
pling. The operation of flow path liners 38 i1s selectively
adjustable with the use of a plurality of shims 100. Shims 100
tacilitate adjustments to the flow path geometry by providing
varying thicknesses adjacent each bushing. In the exemplary
embodiment, shims 100 and bushings 102 are each fabricated
from, but are not limited to being made from, sheet metal.

In the exemplary embodiment, each bushing 102 1s posi-
tioned within exhaust nozzle 36 between flow path liners 38
and a structural member (not shown 1n FIG. 2). Shim 100 1s
coupled to bushing 102 and shim 100 1s configured to abut the
structural member.

In an alternative embodiment, engine 10 does not include
bushing 102. Rather, engine 10 includes a component that 1s
configured to recerve shim 100. For example, the component
may be a shaft that includes a retaining mechamsm, described
in more detail below.

Moreover, 1n the exemplary embodiment, bushing 102 1s a
hexagonally shaped bushing. Alternatively, bushing 102 may
have any other non-hexagonal shape that enables bushing 102
to function as described herein. Bushing 102 includes a bore
104 extending therethrough (shown 1in FIG. 5). In the exem-
plary embodiment, bore 104 1s a counterbore. Bore 104
includes a diameter D,. Bushing 102 further includes a top
portion 110 and a bottom portion 120. A plurality of sidewalls
122 circumscribe top portion 110.

In the exemplary embodiment, each sidewall 122 includes
at least one retaining mechanism 130. Alternatively, each
sidewall 122 does not include a retaining mechamsm 130.
Each sidewall 122 extends generally circumierentially
between a first edge 124 and a second edge 126, and generally
axially between an upper surtace 127 and a lower surface 128.
In the exemplary embodiment, retaining mechanism 130 1s a
chamfier (1.e. a slot) defined within a portion of each sidewall
122. More specifically, 1n the exemplary embodiment, retain-
ing mechanism 130 1s defined along only a portion of sidewall
122 between first and second edges 124 and 126 adjacent
lower surface 128. Furthermore, in the exemplary embodi-
ment, retaining mechanism 130 1s recessed with respect to an
outer surface of sidewall 122 surrounding mechanism 130.
Alternatively, retaining mechanism 130 may be defined at any
location within sidewall 122 that enables mechamism 130 to
function as described herein.

Bushing 102 {facilitates retaining shim 100 in position
against bushing 102, such that a portion of shim 100 is
received within retaining mechamism 130. In the exemplary
embodiment, shim 100 1s hexagonally-shaped and includes
s1x sidewalls 134 as shown 1n FI1G. 4. Alternatively, shim 100
has any non-hexagonal shape that enables shim 100 to func-
tion as described herein. In the exemplary embodiment, shim
100 includes an opening 136 that extends therethrough and 1s
configured to substantially concentrically align with bore
104. Shim 100 1s formed with a retainer 138 that includes an
upper surface 140 and a lower surface 142, and that 1s sized
and shaped to be received within retaining mechanism 130.
Shim 100 also includes a body 150 having a thickness T that

1s variably selected. Alternatively, shim 100 does not include
body 150.

Retainer 138 1s formed with an alignment portion 152 and
an integrally formed anchor portion 154. In the exemplary
embodiment, shim 100 includes at least three anchor portions
154 that are spaced apart from one another such that at least
one sidewall 134 extends between each pair of anchor por-
tions 154. Anchor portion 154 extends outward from retainer
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138 at an angle 3. In the exemplary embodiment, angle {3 1s
less than 90 degrees. Alternatively, angle 3 may be equal to or
greater than 90 degrees. Additionally, anchor portion 154
extends from retainer 138 to an end 156 for a length 155.

Alignment portion 152 also extends from retainer 138
along an inner surface 157 of opening 136. Alignment portion
152 has an outer diameter D, (shown 1n FIG. 5). In the exem-
plary embodiment, D, of bushing 104 1s slightly larger than
D, of alignment portion 152. Alternatively, D, 1s approxi-
mately equal to D, . As described 1n more detail below, align-
ment portion 152 facilitates retention of shim 102 against
bushing 100. In the exemplary embodiment, anchor portion
length 155 1s longer than a length 160 of alignment portion
152. Alternatively, anchor portion length 155 1s approxi-
mately the same as, or shorter than, alignment portion length
160.

Body 150 extends outward from upper surface 140. In the
exemplary embodiment, body 150 1s toroidal. Body 150 can
be fabricated with a variety of thicknesses that depend on the
use of shim 100. Generally, body 150 has a signature footprint
that 1s smaller than a cross-sectional area of top portion 110 of
bushing 102. As such, the outer circumierential body 150 as
described by edges 151 does not extend outward beyond
sidewalls 122. In an alternative embodiment, each edge 151
extends outward beyond sidewalls 122.

In the exemplary embodiment, bushing 102 includes six
retaining mechanisms 130 and shim 100 includes three
retainers 138. Shim 100 may include lead-in features that
provide snap-in features of retainers 138 into retaining
mechanisms 130. Alternatively, bushing 102 may include any
number of retaining mechanisms 130 and shim 100 may
include any number of retainers 138.

During assembly and during use, in the exemplary embodi-
ment, shim 100 1s coupled to bushing 102 via a snap-fit.
Notably, the snap-1it requires no adhesive to couple shim 100
to bushing 102. More specifically, where shim 100 1s coupled
to bushing 102, shim lower surface 142 1s coupled against
bushing upper surface 127 and each retainer end 156 1s
received within a respective retaining mechanism 130. More-
over, when shim 100 1s coupled to bushing 102, bore 104 and
shim opening 136 are aligned substantially concentrically
with respect to each other. More specifically, shim 100 does
not comprise the wrenching capability of bushing 102 and 1s
not atfected by the temperatures of engine 10 generated dur-
Ing engine operation.

Anchor portions 154 are received within respective retain-
ing mechanisms 130 of bushing 102. Alignment portion 152
and anchor portions 154 facilitate aligning and retaining shim
100 to bushing 102 with a snap-{it such that alignment portion
152 facilitates retaining shim 100 to bushing 102. Specifi-
cally, 1n the exemplary embodiment, alignment portion 152 1s
positioned within a portion of bore 104 such that an end of
alignment portion 152 mates with a portion of the counter-
bore. The components of shim 100 and bushing 102 are
tabricated such that shim 100 may be coupled to bushing 102
without the use of tools. Shim 100 and bushing 102 may be
snap-fit with one another. In use, alignment portion 152 pro-
vides resistance to lateral loads during assembly of flow path
liners 38.

Furthermore, as shown in FIG. 2, when shim 100 and
bushing 102 are coupled together, the assembly forms a pas-
sage 162 that passes through the structural member, shim 100,
and bushing 102. Passage 162 1s configured to receive a bolt.
The bolt 1s screwed 1nto a nut-plate that i1s integral with a
slider 1n engine 10.

After shim 100 and bushing 102 are coupled together,
bushing 102 1s coupled between structural member and at
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least one flow path liner 38 to facilitate altering the shape of
exhaust nozzle 36 to a desired shape. Body 150 1s configured
to abut the structural member (not shown). Shim 100 and
bushing 102 also facilitate removing discontinuities in flow
path liners 38. Thickness T further facilitates altering the
shape of exhaust nozzle 36 such that varying thicknesses T
will adjust the height of shim 100.

The method herein includes providing a bushing 102
including at least one retaining mechanism 130 formed 1nte-
grally therewith. The method further includes coupling a
shim 100 to the bushing 102 such that at least one retainer 138
extending from the shim 100 is recerved within the bushing
retaining mechanism 130. Additionally, the method includes
coupling the bushing 102 and shim 100 within the turbine
engine 10 to facilitate aligning a first engine component rela-
tive to a second engine component.

The above-described bushing and shim assembly facili-
tates reducing the number of parts needed 1mn an exhaust
nozzle to alter the flow path of the exhaust nozzle. Addition-
ally, the bushing and shim assembly described in detail above
1s less expensive and lighter than known bushings. Further-
more, the bushing and shim assembly described above
removes discontinuities 1n the exhaust nozzle and provide an
assembly that requires fewer steps to assemble than other
known bushing and shim assemblies. Altering tlow path liners
within an exhaust nozzle increases operability of an engine by
increasing efficiency. Specifically, by removing discontinui-
ties 1n the exhaust nozzle, lower observability goals can be
met.

Exemplary embodiments of bushing and shim assemblies
are described above 1n detail. Each bushing and shim 1s not
limited to use with the specific embodiments described
herein, but rather, each bushing and shim can be utilized
independently and separately from other components
described herein. Moreover, the invention 1s not limited to the
embodiments of the bushing and shim described above 1n
detail. Rather, other variations of bushings and/or shims may
be utilized within the spirit and scope of the claims.

While the mnvention has been described 1n terms of various
specific embodiments, those skilled 1n the art will recognize
that the invention can be practiced with modification within
the spirit and scope of the claims.

What is claimed 1s:

1. A method of assembling a component for use 1n a turbine
engine, said method comprising:

providing a bushing including at least one retaining mecha-

nism formed 1ntegrally therewith;

coupling a shim to the bushing such that at least one

retainer extending from the shim 1s recerved within the
bushing retaining mechanism; and

coupling the bushing and shim within the turbine engine to

facilitate aligning a first engine component relative to a
second engine component.

2. A method in accordance with claam 1 wherein the
retainer includes at least one anchor portion, said method
turther comprises aligning the at least one anchor portion
within the retaining mechanism.

3. A method 1n accordance with claim 1 wherein the bush-
ing includes a bore extending at least partially therethrough
and the shim further includes an opening and an alignment
portion circumscribing the opening, said method further
comprises positioning the alignment portion concentrically
adjacent the bore to facilitate aligning the shim relative to the
bushing.

4. A method 1n accordance with claim 3, further compris-
ing aligning the alignment portion with the bore to facilitate
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providing resistance to lateral loads created during position-
ing of the first engine component with the second engine
component.

5. A method 1n accordance with claim 1 wherein the turbine
engine 1mcludes a flow path liner and the shim also 1includes a
body having a thickness, said method further comprises
removing discontinuities within the flow path liner with the
body.

6. A shim assembly for adjusting a position of a tlow path
liner with respect to a structural member, said shim assembly
comprising;

a bushing comprising a retaining mechanism; and

a shim coupled to said bushing, said shim comprising at
least one retainer and a body, said at least one retainer 1s
configured to be recerved within a portion of said retain-
ing mechamism when said shim 1s coupled to said bush-
ing, said shim abuts the structural member when the
shim assembly couples the tlow path liner to the struc-
tural member.

7. A shim assembly 1n accordance with claim 6 wherein
said shim 1s configured to be coupled to said bushing using a
snap-fit.

8. A shim assembly 1n accordance with claim 6 wherein
said shim 1s configured to be coupled to said bushing without
use of adhesive.

9. A shim assembly 1n accordance with claim 6 wherein
said at least one retainer comprises an alignment portion and
an anchor portion, said alignment and anchor portions each
facilitate retaining said shim adjacent to said bushing.

10. A shim assembly 1n accordance with claim 6 wherein
said body 1s integrally formed with said at least one retainer,
said body comprises a variable thickness that facilitates align-
ing and retaining said flow path liner to said structural mem-
ber.

11. A shim assembly 1n accordance with claim 6 wherein
saild bushing further comprises a bore extending there-
through, and said shim comprises an opening extending
therethrough, said bore 1s configured to be concentrically
aligned with said opening.

12. A shim assembly 1n accordance with claim 11 wherein
said shim further comprises an alignment portion configured
to couple to an mner edge of said bore.

13. A shim assembly 1n accordance with claim 11 wherein
said bore comprises a first diameter and said opening com-
prises a second diameter, said second diameter 1s larger than
said first diameter.

14. An exhaust nozzle assembly comprising:

an exhaust nozzle;

at least one flow path liner configured to couple to a radially
inward wall of said exhaust nozzle;

a bushing comprising a retaining mechanism configured to
be positioned adjacent at least one radially inward wall;
and

a shim comprising at least one retainer and a body, said at
least one retainer 1s configured to be received within a
portion of said retaining mechanism when said shim 1s
coupled to said bushing.

15. An exhaust nozzle assembly 1n accordance with claim
14 wherein said at least one retainer comprises an alignment
portion and an anchor portion, said alignment and anchor
portions each facilitate retaining said shim adjacent to said
bushing.

16. An exhaust nozzle assembly in accordance with claim
14 wherein said body 1s integrally formed with said at least
one retainer, said body comprises a variable thickness that
facilitates aligning and retaiming a first engine component to
a second engine component.
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17. An exhaust nozzle assembly 1n accordance with claim
14 wherein said bushing further comprises a bore extending
therethrough, and said shim comprises an opening extending,
therethrough, said bore 1s configured to be concentrically
aligned with said opening.

18. An exhaust nozzle assembly 1n accordance with claim
17 wherein said shim further comprises an alignment portion
configured to couple to an 1nner edge of said bore.

8

19. An exhaust nozzle assembly 1n accordance with claim
14 wherein said bore comprises a first diameter and said
opening comprises a second diameter, said second diameter 1s

larger than said first diameter.
20. An exhaust nozzle assembly 1n accordance with claim

14 wherein said shim 1s configured to be coupled to said
bushing using a snap-fit.
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